Magnetic field fluctuations at the betatron frequency can lead to emittance growth in circular accelerators. Tolerances are extremely tight for large hadron colliders like LHC and VLHC [l]. We performed experimental studies of the fluctuations in a stand-alone superconducting Tevatron magnet. Here we give a general description of the experimental set-up, present main results and discuss consequences for the colliders.
INTRODUCTION
Because of the coil capacitance and resistance, its frequency characteristics differs from pure inductance. Result of the coil sensitivity calibration is presented in Fig.2 . One can clearly see a resonant peak with Q=20 at filOkHz. The calibration was performed at room temperature, while the coil stays at about 4.5 "K when inside the SC Tevatron dipole. Because of the material shrinking, the resonant peak may be shifted at low temperatures as well as change its quality factor. We had no possibility to calibrate the coils at the liquid Helium temperatures. 
RESULTS
The field fluctuation measurements were carried out in October 1999 at the Fermilab TD/MTF. One can conclude that the signal to noise ratio exceeds 10 over the entire frequency range of 10 to 25,000 Hz. 100 1000 10000 Frequency, Hz Applying calibration data to the raw signal spectrum and dividing by the maximum DC magnetic field we get rms dB/B fluctuation spectrum as depicted in Fig.5 . One can see following remarkable features: a) the maximum noise amplitude takes place at 60 Hz and does not exceed the value of 2~1 0 -~; b) 60 Hz harmonics dominate the spectrum until about 1000 Hz, the harmonic amplitude goes down approximately as l@; c) there is a dip at 10,000 Hz that reflects known coil calibration which may be incorrect at LHe temperatures because we do not see any narrow peak at lOkHz in the raw data spectra -see Fig.4 ; d) above 700-1000 Hz, the spectrum flattens. The latter is of certain interest as that frequency range includes betatron frequencies of the VLHC, the LHC and the Tevatron.
We studied these excessive fluctuations in the second coil and found that while signals U1 and U2 look the same, the difference voltage between them grows at frequencies above 600 Hz -see Fig.6 . The value of rms (Ul-U2)(' / m s UIU) is about 0.007-0.009 at frequencies below 400 Hz, but it grows up to 0.3-0.5 above 600 Hz. 
EMITTANCE GROWTH DUE TO MAGNETIC FIELD FLUCTUATIONS
Magnetic field fluctuations at the betatron frequency will cause miniscule turn-to-turn variation of the bending As for the other colliders, we have to note that the field fluctuations depend not only on the power supply stabilization but also on the magnet design. Therefore, no one expects to have the same fluctuations in the LHC and VLHC dipoles as in the Tevatron, because the magnets are very different from each other. Each of the magnet types needs to be measured separately for making specific predictions.
And finally, it is known that a low-noise feedback system which damps coherent beam oscillations caused by turn-by-turn noises can effectively reduce the emittance growth rate [4] . long magnet line which has in total very large inductance which allows to filter 60 Hz (power line) harmonic very effectively, especially at high frequencies. The second possible reason of the absence of the emitance growth is that the rms field fluctuations are measured over 0.5 long section of 6 m long magnet, and it seems quite possible that the magnetic field fluctuations in different parts of the magnet may cancel each other, thus, producing less effect.
